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In a previous paper (1) has been discussed the effect upon the blood picture of three methods (transplantation of the splenic vein into the vena cava, Eck fistula, and ligation of the splenic veins) of diverting the splenic blood from the liver. In other papers (2) of this series have been described the decreased tendency to jaundice in splenectomized dogs receiving hemolytic serum and the slow repair of the accompanying anemia. In the present paper we shall present the results of a study of these two phenomena in animals whose splenic blood supply has been diverted from the liver, as above described.
Methods.
As hemolytic agents we have employed both toluylenediamiu and hemolytic immune serum. The hemolytic serum was prepared by injecting at regular intervals the erythrocytes of the dog into rabbits. The serum so prepared was always injected intravenously into the dog under ether anesthesia. The other hemolytic agent, Merck's meta toluylenediamin, was given by stomach tube and in adequate doses never failed to cause anemia and jaundice. In each experiment the control animal received the same proportionate amount of drug or serum per kilo as did the test animals. Dogs of approximately the same size were selected and, on account of the occasional necessity of catheterization, female 97 dogs were used when possible. Splenectomized as well as normal animals were included in the series to further comparison with our previous results. Daily and later weekly examinations of urine and complete blood examinations (including resistance of erythrocytes to hypotonic salt solution) were made and records of weight were kept. Each animal was studied as to condition of urine and blood before the experiment began. Both cage urine and catheterized specimens (in doubtful cases) were examined, and the presence of bile pigment in the urine, as determined by Gmelin's and Rosenbach's tests, was taken as the surest evidence of jaundice. At the termination of the experiment the test animals were killed in order to determine the exact anatomical disturbance caused by the operation.
RESULTS.
Decreased Tendency to Jaundice.
In the animals with ligation of the splenic vein, it was occasionally found at autopsy that a small number of new blood vessels had forced their way through the splenic attachments, thus defeating the object of the experiment. In a previous paper we stated that new vein formation was inadequate to prevent atrophy of the spleen or the development of anemia. The mechanical vascular connection with the liver once being reestablished, however, these animals are apparently able to react with well marked jaundice as do normal dogs.
As may be seen in Table I , in all animals receiving adequate toluylenediamin, control as well as test dogs, some bile appeared in the urine. Frequently also well marked staining of the skin and sclera~ persisted for many days. The bile was less in amount, however, and lasted for shorter periods in the test animals than in the normal controls. In fact, the animals with the vein transplant and Eck fistula showed even less tendency to jaundice than some of the splenectomized animals. Increased resistance of the red cells to hypotonic salt solutioff and the presence of anemia also contributed to diminish the jaundice; but it was shown that lessened tendency to jaundice might nevertheless be present in the absence of these features. For example, Dog 71, which had completely recovered from its anemia, showed the least tendency to jaundice, and Dog 79 which trace. had the most resistant red cells, showed the same tendency to jaundice as did the control.
In another experiment (Table II) , in which a smaller single dose was administered, similar results were obtained. It was in this experiment that an animal that was supposed to have had the splenic vein transplanted was found at autopsy to have a branch of the inferior mesenteric vein transplanted by mistake, thus unwittingly causing an excellent double control for the Eck fistula test (No. 68).
The increased resistance to jaundice in this dog (No. 55) as compared to the normal (No. 77) is still further evidence of the importance of the mechanical factor of blood supply to the liver. In a third experiment, in which three smaller repeated doses were given to animals with (1) splenic vein transplant; (2) splenic vein ligation; and (3) a normal control, these results were confirmed. The vein transplant dog, although his red cells at the time were the least resistant of the three, failed to get jaundice; in the other two it did occur. The jaundice in the ligation experiment, however, lasted three days and that of the control nine days,
In the experiments with hemolytic immune serum the same results were obtained. In a preliminary experiment, in which large doses of serum were given, an Eck fistula dog alone survived and developed jaundice; one with the vein transplant and the control died in a few hours; the control, however, had already developed hemoglobinuria, whereas the test dog failed to develop either hemoglobinuria or jaundice.
With a weaker serum (Table III) the greater resistance of the vein transplant animal is shown. A result contrary to our former experiences was obtained in this experiment, in that No. 2 (splenectomized) developed as severe a jaundice as did the control. A fourth animal (not given in the table) whose splenic vein had been ligated succumbed to an equivalent dose before jaundice developed. At autopsy the finding of new-formed veins was considered to render the experiment equivalent to one on a normal dog.
In another experiment (Table IV) the same results were obtained with a serum of less hemolytic power.
As the transplanted vein was found at autopsy to have been occluded by a comparatively recent thrombus (probably antedating the administration of serum), this experiment must be regarded as including a double test of obstruction to the venous outflow from the spleen. " absent. ance of the red ceils in the former animal, but the longer duratioaof jaundice in No. 51 than in the control must be noted as an exception to the general rule. The results of these experiments, therefore, indicate that the mechanical factor of the method of the blood's approach to the liver is of importance in determining the degree of resistance to hemolytic agents. Our results in this regard are in accord with those obtained by Pepper and Austin (3) on the influence of the site of hemoglobin injections on the production of jaundice.
Duration and Repair of Anemia after Administration of Hemolytic
Agents.
Interpretation of the severity and duration of the anemia caused in the various test animals is complicated by several factors. In the first place the original operation has been shown (1) to cause anemia. As the test animals were sometimes given the hemolytic agent while more or less anemic, we have had to analyze our results with constant reference to this factor. Moreover, we have found that in most cases the severity of the anemia is usually the converse of the resistance of the red cells. In some cases, however, animals with the most fragile cells developed the least anemia after administration of hemolytic agents. Changes in weight in the animals of these experiments seem to bear no definite significant relation to the anemia.
We have previously stated (4) that the anemia caused in splenectomized animals by hemolytic agents is, as shown by direct blood examination, of greater severity, runs a longer course, and has a longer period of repair than is the case in the normal dog. By greater severity was meant that the hemoglobin and red cell count reached lower figures than in the control. The actual blood destruction, however, (taken by estimating the drop from the condition immediately before administering hemolytic agents) was usually less in splenectomized than in normal dogs. Our experiments of this year show that the same statements hold true after transplantation of the splenic vein into the vena cava, Eck fistula, and ligation of the splenic veins. The "actual blood destruction" of the test animals has been constantly less than in the normal controls, and in a few instances even the degree of anemia as expressed by the hemoglobin and red cell count was less severe in the test animals. The "greater severity" of the anemia must therefore be considered as open to question, and the "actual blood destruction" in the test animals less than in the normal controls. This, therefore, removes an apparent contradiction in our former work; namely, that although the splenectomized animal showed less signs of blood destruction (jaundice), nevertheless its anemia was more severe than that of the normal control.
The duration of the anemia of the test animals has been longer than that of the normal controls and paralleled that of the splenectomy controls. The difference, however, of both test and splenectomy dogs from the normal controls has been less striking than in our previous work; and like the variable degree of anemia after splenectomy, must be referred to changes in unknown factors (possibly such as diet or season or differences in toxicity of the serum).
The slowness of repair after interference with the splenic function, as contrasted with that in the normal animal is shown in Table V . The red cells show the same temporary decreased resistance to hypotonic salt solution, as has been previously commented upon (3).
In the second experiment, the red cells of No. 68 (Eck fistula) dropped 1,000,000 less than the control, but took 2 months for recovery, as opposed to I9 days of the control. In a third experiment smaller doses of the third series failed materially to affect the blood picture.
A similar experiment with hemolytic immune serum is presented in Table VI .
In a fourth experiment a weaker serum faile(i to cause anemia in a splenectomized dog as well as in one with occluded splenic vein transplant; however, an animal with ligated splenic vein developed about the same amount of anemia as the control, but took much longer to recover.
Behavior of Leukocytes.
Both toluylenediamin and hemolytic immune serum cause a marked leukocytosis, reaching its height in one to three days and lasting two to four weeks. The first and greatest rise (actual and relative) is in the polymorphonuclears and transitional ceils; this is later followed by a less marked and more persistent rise of small lymphocytes and eosinophils. There was no essential difference in the reaction of the test dogs and their controls, except that the latter were still affected by doses too small to affect the former. These changes resemble those described by us in the leukocytes following the various operative procedures on the spleen, and probably indicate a general rather than any specific interference with the leukocytic elements of the blood. 1. Dogs whose splenic veins or portal vein (Eck fistula) have been transplanted into the inferior vena cava, or whose splenic veins have been ligated, show a lessened tendency to jaundice similar to that exhibited by splenectomized animals.
2. Although the previously existing anemia and the concomitant increased resistance of the red cells of these animals are undoubtedly factors in the greater resistance to hemolytic agents, the lessened tendency to jaundice is, in part at least, due to a mechanical factor dependent on the course of the blood supply to the liver.
3. The additional anemia caused in the test animals by hemolytic agents is usually less than in the controls, although the total fall from the original normal may be greater. This applies to the splenectomized as well as the other test animals and is a modification of our former statements in regard to the severity of the anemia in splenectomized dogs.
4. Although the destruction of blood in these animals is less than in the normal controls, the repair of the same takes considerably longer than in the controls. This confirms similar results previously obtained in splenectomized animals.
5. The white cells exhibit much the same changes as they do following the administration of hemolytic agents to splenectomized or normal animals. As these changes are not unlike those following uncomplicated splenectomy or the operations here discussed, they cannot be considered as characteristic of any of the above procedures, but perhaps as an accompaniment of any temporary increased blood destruction.
6. The reaction of test and control animals is substantially the same, whether the jaundice is caused by toluylenediamin or hemolytic immune serum.
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